The taxonomic position of an actinomycete, strain NR4-ASC07
roseoviolacea NBRC 14098 T and Nonomuraea roseoviolacea subsp. carminata NBRC 15903 T . The DNA-DNA relatedness and phenotypic data supported that strain NR4-ASC07 T was clearly distinguished from the closely related species and represents a novel species of the genus Nonomuraea for which the name Nonomuraea rhodomycinica sp. nov. is proposed. The type strain is NR4-ASC07 T (=NBRC 112327 T =TISTR 2465 T ).
The genus Nonomuria, containing filamentous Gram-stainpositive bacteria which typically form extensively branched substrate and aerial mycelia, which belongs to the family Streptosporangiaceae, was first proposed by Zhang et al. [1] . According to a misnomer to the Bacteriological Code, the spelling of this genus was corrected by Chiba et al. [2] to Nonomuraea [3] . The species of this genus are widely distributed in soil. In addition, some of them show the potential ability to produce bioactive metabolites such as maduramycin, pyralomicin, brartemicin, daunomycin and gluvirucin B 0 [4] . At the time of this writing, the genus Nonomuraea contained 36 species and 2 subspecies, Nonomuraea roseoviolacea subsp. carminata and Nonomuraea roseoviolacea subsp. roseoviolacea, with validly published names ( [5] ; last update 4 February 2016).
In the course of our investigation into the diversity of actinomycetes from peat swamp forests of Thailand, the strain NR4-ASC07 T producing rhodomycinone antibiotics was isolated from a soil sample collected from Sirindhorn peat swamp forest, Narathiwat Province, Thailand. In this study, we describe the taxonomic position of the strain using a polyphasic approach.
Strain NR4-ASC07 T was isolated from an air-dried soil sample using starch casein nitrate medium (10.0 g soluble starch, 0.3 g sodium caseinate, 2.0 g KNO 3 , 15 g agar, 1 l distilled water, pH 7.0) supplemented with nalidixic acid (25 µg ml À1 ) and cycloheximide (50 µg ml
À1
) and incubated at 30 C for 14 days. The pure culture was maintained on ISP2 (yeast extractmalt extract medium; [6] ) agar slants at 4 C. The freeze-dried cells were preserved for long term preservation.
Cultural characteristics were determined using various ISP (International Streptomyces Project) media [6] and nutrient agar (Difco). The ISCC-NBS colour chart [7] was used to determine the colour of aerial masses, substrate mycelium and soluble pigment. After the culture was grown on ISP2 agar at 30 C for 14 days, the morphological characteristics were observed using light microscopy and scanning electron microscopy (JSM-5410LV, JEOL). Growth at different pH (pH 4.0-9.0) and temperature (20, 25, 30, 37 , 45 and 50 C) and tolerance of NaCl (0-7 %, w/v) were determined using a culture grown on ISP2 agar at 30 C for 14 days. Nitrate reduction, liquefaction of gelatin, peptonization of skimmed milk and hydrolysis of starch were determined using various media as described by Arai [8] and Williams and Cross [9] . Utilization of carbohydrates as sole carbon source was determined using ISP9 as a basal medium [6] . Enzyme activities were determined using the API ZYM system (bio-M erieux) following the instructions of manufacturer.
Freeze-dried cells for chemotaxonomic studies were obtained from a culture grown in yeast-glucose broth [1 % yeast extract and 1 % glucose in distilled water] at 30 C, 180 r.p.m. for 5 days. The isomers of diaminopimelic acid and whole-cell sugars and the presence of mycolic acids were determined using a TLC method [10, 11] . The N-acyl type of muramic acids was determined based on the method of Uchida and Aida [12] . Polar lipids were extracted according to the method of Minnikin et al. [13] and were analysed using two-dimensional TLC. Menaquinones were extracted according to the method of Collins et al. [14] and were analysed using HPLC with a Cosmosil 5C18 column (4.6Â150 mm, Nacalai Tesque). The composition of cellular fatty acids was analysed using gas chromatography according to the instructions of the Microbial Identification System (MIDI) (Sherlock version 6.1) [15] .
Genomic DNA was extracted from the freeze-dried cells [16] . The DNA G+C content was determined using the HPLC method [17] . The amplification of the 16S rRNA gene was carried out using primers 20F (5¢-GAGTTTGA TCCTGGCTCAG-3¢) and 1500R (5¢-GTTACCTTGTTAC-GACTT-3¢). The sequencing of the PCR product (by Macrogen, Korea) was performed using universal primers [18] . The almost-complete 16S rRNA gene sequence (1465 nt) was obtained and was aligned manually against the sequences which were obtained from the GenBank/EMBL/DDBJ database using BioEdit software (Ibis Biosciences). Results of BLAST analysis were analysed using the EzTaxon-e server [19] . Phylogenetic trees (neighbour-joining [20] , maximumparsimony [21] and maximum-likelihood [22] ) were reconstructed using MEGA version 6.0 [23] . Topologies of phylogenetic trees were evaluated via bootstrap analysis based on 1000 replicates [24] . DNA-DNA relatedness among strain NR4-ASC07
T and closely related species of the genus Nonomuraea was investigated using the method as reported by Ezaki et al. [25] .
Strain NR4-ASC07
T grew well on most ISP media as well as nutrient agar. The aerial mycelium appeared very pale violet on ISP2; pale pink on ISP3 and ISP4; pale yellowish pink on ISP 7 and nutrient agar; but the mycelium was absent on ISP5 and ISP6. The substrate mycelium was extensively branched and did not fragment into small elements. The colour of the substrate mycelium was a deep to reddish orange tone on agar media. Orange pigment was observed on ISP2, ISP3 and ISP7 while brown pigment was observed on ISP6 (Table S1 , available in the online Supplementary Material). Tightly closed spiral chains of 20 to 30 spores were observed on the aerial hyphae. Each of spores was ellipsoid in shape with a smooth surface and measured 0.5-0.7 by 0.9-1 µm in size. In addition, pseudosporangia were formed as well (Fig. 1) . Other details of the phenotypic characteristics are given in the species description and Table 1 .
The chemotaxonomic studies revealed that the novel strain contained meso-diaminopimelic acid in the cell-wall peptidoglycan. Whole-cell hydrolysates contained glucose, ribose, madurose and small amount of mannose. Mycolic acids were absent. The N-acyl type of muramic acid was acetyl. Polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, lysophosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides, unknown ninhydrin-positive phosphoglycolipids and unknown glycolipid (Fig. S1 ). Menaquinones were MK-9(H 4 ) (75 %), MK-9(H 0 ) (8 %), MK-9(H 2 ) (8 %), MK-10(H 4 ) (5 %) and MK-9(H 6 ) (4 %). Major cellular fatty acids (>5 %) were iso-C 16 : 0 , C 17 : 0 10-methyl, C 16 : 0 , C 17 : 1 !8c, C 16 : 0 2-OH and iso-C 15 : 0 . The fatty acid profile of strain NR4-ASC07
T was similar to those of related type strains but showed some minor differences in the amounts of fatty acids as shown in Strain NR4-ASC07 T could be distinguished from Nonomuraea roseoviolacea subsp. carminata JCM 9946 T based on nitrate reduction, growth with 4 % NaCl, growth at pH 5.0, utilization of sucrose and enzyme activities of a-chymotrypsin, cystine arylamidase, esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase. The other differential characteristics of this strain and the closely related species of the genus Nonomuraea are shown in Table 1 . Furthermore, strain NR4-ASC07
T exhibited levels of DNA-DNA relatedness of 32±6, 35±6 and 50±7 % to Nonomuraea roseoviolacea subsp. roseoviolacea JCM 3145 T , Nonomuraea roseoviolacea subsp. carminata JCM 9946
T and Nonomuraea muscovyensis KCTC 29233 T , respectively. These values were lower than the threshold value of 70 % recommended by Wayne et al. [26] for assigning strains to the same species. This confirmed that strain NR4-ASC07
T was distinct from its closely related phylogenetic neighbour. Based on the phenotypic and chemotaxonomic characteristics and DNA-DNA relatedness evidence, therefore, strain NR4-ASC07
T represents a novel species within the genus Nonomuraea for which the name Nonomuraea rhodomycinica sp. nov. is proposed.
DESCRIPTION OF NONOMURAEA RHODOMYCINICA SP. NOV.
Nonomuraea rhodomycinica (rho.do.my.ci¢ni.ca N.L. fem. adj. rhodomycinica producing rhodomycinone antibiotics).
Cells are aerobic and filamentous and form extensively branched aerial and substrate mycelia. Tightly closed spiral spore chains are produced on aerial mycelium. Pseudosporangia are observed. The spore size is 0.5-0.7 by 0.9- C. The maximum NaCl concentration for growth is 4 % (w/v). Shows activities of esterase (C4), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase; shows weakly positive activity of alkaline phosphatase but does not show activities of esterase lipase (C8), lipase (C14), cystine arylamidase, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, b-glucuronidase or a-fucosidase. Contains meso-diaminopimelic acid in cell-wall peptidoglycan; glucose, ribose, madurose and a small amount of mannose are present in whole-cell hydrolysates. Polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, lyso-phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides, unknown ninhydrin-positive phosphoglycolipids and unknown glycolipid. The predominant menaquinone is MK-9(H 4 ), and the minor components are MK-9(H 0 ), MK-9(H 2 ), MK-10(H 4 ) and MK-9(H 6 ). Major cellular fatty acids (>5 %) are iso-C 16 : 0 , C 17 : 0 10-methyl, C 16 : 0 , C 17 : 1 !8c, C 16 : 0 2-OH and iso-C 15 : 0 . Produces rhodomycinone antibiotics.
The type strain is NR4-ASC07 T (=NBRC 112327 T =TISTR 2465 T ), which was isolated from peat swamp forest soil collected from Sirindhorn peat swamp forest, Narathiwat Province, Thailand. The DNA G+C content of the type strain is 73.2 mol%.
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